(19) 



J 




(12) 



Europaisches Patentamt 
European Patent Off ice 

/id EP 0 800 269 A2 

Office europeendes brevets ( 11 ) i_r v/ w 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

08.10.1997 Bulletin 1997/41 

(21) Application number: 97105313.7 

(22) Date of filing: 27.03.1997 

(84) Designated Contracting States: 
DE Fl FR SE 

(30) Priority: 05.04.1996 JP 110475/96 

(71) Applicant: MURATA MANUFACTURING CO., LTD. 
Nagaokakyo-shi Kyoto-fu 226 (JP) 



(51) Int. CI. 6 : H03H 9/17 



(72) Inventors: 

. Unami, Toshihiko 

Nagaokakyo-shi, Kyoto-fu (JP) 
• inoue, Jiro 

Nagaokakyo-shi, Kyoto-fu (JP) 

(74) Representative: Zinnecker, Armin, Dipl.-lng. et al 
Lorenz-Seidler-Gossel, 
Widenmayerstrasse 23 
80538 Munchen (DE) 



(54) Piezoelectric resonator and electronic component using the same 

(57) A piezoelectric resonator has a base member 
formed by laminating piezoelectric layers and elec- 
trodes. The base member is polarized in different direc- 
tions at both sides of an electrode. Electrodes are 
alternately covered by insulating film 16 and insulating 
film 18, respectively, on opposing side faces of the base 
member. The insulating film 16 covers electrodes which 
are not covered by the insulating film 1 8, and vice versa. 
External electrodes 20 and 22 are formed on the oppos- 
ing side faces of the base member and the electrodes 
are connected to them, respectively At both ends of the 
base member, inactive sections are formed such that an 
electric field is not applied to the base member by cov- 
ering consecutive plural electrodes with the insulating 
film 16 and 18. The center of the base member serves 
as an active section since an electric field is applied. 
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Description 

RAP.KftROUNin OFTHF INVENTION 

The present invention reiates to a piezoelectric resonator which 

tor a discriminator, and a filter. The present invention also provides a manufacture method of the p-ezoelectnc reso 

effectively used, and the transmission band width of the filter cannot be increased. 
Sj IMMARY OF THE INVENTION 

Accordingly it is the main object of the present invention to provide a piezoelectric resonator having a smaJI spuri- 
ous resolct'a large different AF between the resonant frequency and the ant.resonant frequency. ad,ustab.e 

onatlr onSe Sioned Knd, which is characterized in that an inactive section, which ,s not po.ar.zed and/or not 
energized by an electric field, constitutes the other part of said base member. 
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ro dinal direction. arhiwed in another aspect of the present invention through the provision of an electronic 

* m SS'^e«' t rS : ,ior aceordins, ,0 me present invention is of a tamened type, and has an active Mttr tin 
=^P^ 

pling coefficient and a larger frequency Mtf JJ^S^S wS. different from the basic vibration, are 
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zoelectric resonator connected in parallel. 

The above-described object, other objects, other features, and other advantages of the present invention will be 
made clear in the following description noted by referring to the drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a piezoelectric resonator according to the present invention. 
Fig 2 is a view showing the structure of the piezoelectric resonator shown in Fig. 1 . 

Fig. 3 is a perspective view indicating how ceramic green sheets are laminated in order to produce the piezoelectric 

10 resonator shown in Fig. 1 . # 

Fig. 4 is a view showing a laminated block formed by the ceramic green sheets shown in Fig. 3. 

Fig. 5 is a view showing portions where the laminated block shown in Fig. 4 is cut. 

Fig 6 is a view showing a plate-shaped block made by cutting the laminated block shown in Fig. 5. 

Fig. 7 is a view showing the condition in which a resin insulating material is applied to the plate-shaped block shown 
15 in Fig. 6 and external electrodes are formed. 

Fig. 8 is a perspective view of an unstiffened piezoelectric resonator which vibrates in the longitudinal direction, 

which is shown for comparison. _ 

Fig 9 is a perspective view of a stiffened piezoelectric resonator which vibrates in the longitudinal direction. 
Fig. 1 0 is a perspective view of an unstiffened piezoelectric resonator which vibrates in the plane direction (square- 
20 type vibration), which is shown for comparison. 

Fig. 1 1 is a chart showing the relationship between the frequency and the impedance of the piezoelectric resonator 

according to the present invention. . . 

Fig. 12 is a chart showing the relationship between the frequency and the impedance of a conventional p.ezoelec- 

25 F^Tte a view of a piezoelectric resonator in which the distribution of an active section and inactive sections is 

changed in a base member. 

Fig. 14 is a chart indicating the relationship between the distribution of an active section and capacitance, and 
AF/Fa. 

Fig. 15 is a chart showing the relationship between an active-section ratio and Ar. 
30 Fig 16 is a view showing a modified piezoelectric resonator according to the present invention. 

Fig. 17 is a view showing another modified piezoelectric resonator according to the present invention. 

Fig 1 8 is a view showing still another piezoelectric resonator according to the present invention. 

Fig. 19 is a view indicating the gap between the end of an internal electrode and a side face of a base member in 
the piezoelectric resonator shown in Fig. 18. ir . . 

35 Fig. 20 is a chart indicating the relationships between the capacitance and AF, and the gap between an internal 
electrode and a side face of the base member. 

Fig. 21 is a plan showing modified piezoelectric layers of the piezoelectric resonator shown in Fig. 1 8. 

Fig. 22 is a view showing a piezoelectric resonator having the piezoelectric layers shown in Fig. 21. 

Fig. 23 is a view showing a modified inactive section of a piezoelectric resonator. 
40 Fig. 24 is a view showing another modified inactive section of a piezoelectric resonator. 

Fig 25 is a view showing an electrode formed at an end of a base member. 

Fig 26 is a perspective view of an electronic component using the above-described piezoelectric resonator. 
Fig. 27 is a perspective view of an insulating substrate used in the electronic component shown in Fig. 26. 
Fig 28 is an exploded perspective view of the electronic component shown in Fig. 26. 
45 Fig. 29 is a view indicating another method for mounting the piezoelectric resonator to the insulating substrate. 

Fig 30 is a side view showing the method for mounting the piezoelectric resonator, shown in Fig. 29. 
Fig. 31 is a view indicating still another method for mounting the piezoelectric resonator to the insulating substrate. 
Fig 32 is a side view showing the method for mounting the piezoelectric resonator, shown in Fig. 31 . 
Fig. 33 is an exploded perspective view of a ladder filter using the piezoelectric resonators according to the present 

invention^ ^ ^ perspective view of an insu | a ting substrate and the piezoelectric resonators in the ladder filter shown in 
Fig. 33. 

Fig 35 is an equivalent circuit diagram of the ladder filter shown in Fig. 33. 

Fig. 36 is a view showing an electronic component in which a piezoelectric resonator having different-shaped exter- 
55 nal electrodes is mounted on an insulating substrate. 

Fig. 37 is an exploded perspective view of a two-terminal electronic component. 

Fig. 38 is a chart indicating the relationship between Cf and AF/Fa, and other parameters. 

Fig. 39 is a view of a conventional unstiffened piezoelectric resonator. 

Fig. 40 is a view of another conventional unstiffened piezoelectric resonator. 
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PFSCRIPTION OF THF EMBODIMENTS 

Fig. 1 is a perspective view of a piezoelectric resonator according to an embodiment of the present invention. Fig. 
2 shows the internal structure of the piezoelectric resonator. The piezoelectric resonator 10 includes a base member 
12 having, for example, a cubic shape. The base member 12 is made from, for example, a piezoelectric, ceramic mate- 
rial A plurality of electrodes 14 is formed in the base member 12 such that the surfaces of the electrodes 14 are per- 
pendicular to the longitudinal direction of the base member 12. The base member 12 is polarized in the longitudinal 
direction such that the directions of polarization oppose each other at both sides of one electrode 14. 

On the opposing side faces of the base member 12, a plurality of insulating films 16 and 18 is formed, respectively. 
On one side face of the base member 12, the insulating film 16 covers the exposed section of every other electrode 1 4. 
On the other side face of the base member 1 2, the insulating film 1 8 covers the exposed section of every other electrode 
14 not covered by the insulating film 16 on the above-described side face. However, some electrodes 14 disposed near 
both ends of the base member 12 are successively covered by the insulating film 16 and 1 8. in this embodiment, three 
consecutive electrodes 14 from each end of the base member 12 are covered by the insulating film 16, and two con- 
secutive electrodes 14 from each end of the base member 12 are covered by the insulating film 18. The side faces of 
the base member 12 on which the insulating film 16 and 18 is formed serve as connection sections to external elec- 
trodes, which will be described later. 

In these connection sections, namely, the side faces of the base member 12 on which the insulating films 16 and 
18 are formed, external electrodes 20 and 22 are formed. The electrode 20 connects to electrodes 14 which are not 
covered by the insulating film 16, and the electrode 22 connects to electrodes 1 4 which are not covered by the insulating 
film 18. In other words, two adjacent electrodes 14 are connected to the electrodes 20 and 22, respectively, except that 
some of the electrodes 14 disposed at both ends of the base member 12 are not connected to the external electrodes 
20 and 22. 

The piezoelectric resonator 1 0 uses the external electrodes 20 and 22 as input and output electrodes. At the center 
of the base member 12, the base member 12 is piezoelectrically active because an electric field is applied between 
adjacent electrodes 14. The base member 12 is piezoelectrically inactive at both ends because an electric field is not 
applied between adjacent electrodes 1 4 since the electrodes 1 4 are insulated. Therefore, an active section 24 for input 
signals is formed at the center of the base member 12 as shown by hatching in Fig. 2. Inactive sections 26 for input 
signals are also formed at both ends of the base member 12. 
so To make the piezoelectric resonator 10, green sheets 30 made from piezoelectric ceramic are first prepared as 
shown in Fig. 3. On one surface of each green sheet 30, electrically conductive paste including, for example, silver, pal- 
ladium, and an organic binder, is applied to form an electrically conductive paste layer 32 over almost the entire area of 
each green sheet 30 excluding an end portion. A plurality of green sheets 30 is laminated such that the end portions 
where the electrically conductive paste layers 32 are not formed on the green sheets are placed alternately in opposite 
35 directions. The laminated member with electrically conductive paste applied to opposite side faces is baked to form a 
laminated block 34 shown in Fig. 4. 

The laminated block 34 has a plurality of internal electrodes 36, which have been made by baking the electrically 
conductive layers 32. External electrodes 38 and 40 formed on opposite side faces are connected to every other inter- 
nal electrode 36, respectively, since the internal electrodes 36 are alternately exposed on opposite side faces of the 
40 laminated block 34. When a DC voltage is applied to the external electrodes 38 and 40, the laminated block 34 is polar- 
ized. Inside the laminated block 34, a high DC electric field is applied between adjacent internal electrodes 36 alter- 
nately in opposite directions. Therefore, the laminated block 34 is polarized in the opposite directions at both sides of 
the internal electrodes 36 as shown by arrows in Fig. 4. 

The laminated block 34 is surface-ground to the desired thickness since the antiresonant frequency of the resona- 
45 tor is determined by the thickness of the laminated block 34. The laminated block 34 is cut by a dicing machine along 
dotted lines shown in Fig. 5 such that the cutting planes are perpendicular to the plurality of internal electrodes 36. 
Then, a plate-shaped block 42 shown in Fig. 6 is obtained. A resin insulating material 44 is applied to both surfaces of 
the plate-shaped block 42 as shown in Fig. 7 such that the material 44 is applied to every other internal electrode 36 on 
one surface and every other internal-electrode 36 to which the material 44 is not applied, on the other surface. At both 
so ends of the plate-shaped block 42, the resin insulating material 44 is applied to the internal electrodes 36 collectively. 
External electrodes 48 are formed on the plate-shaped block 42. Then, the resultant block is cut perpendicularly to the 
internal electrodes 36 to form the piezoelectric resonator 10 shown in Fig. 1 . 

When a signal is applied to the external electrodes 20 and 22 in the piezoelectric resonator 10, since voltages are 
applied in opposite directions to the polarization of the piezoelectric layers in the active section 24. the piezoelectric lay- 
55 ers expand and contract in the same direction as a whole. Therefore, the piezoelectric resonator 1 0 vibrates in the lon- 
gitudinal direction in basic mode, in which the. center of the base member 1 2 is served as a node. 

In the piezoelectric resonator 10, the polarization direction of the active section 24, the applied electric field direc- 
tion due to a signal, and the direction of vibration in the active section 24 are all the same. In other words, the piezoe- 
lectric resonator 10 is of stiffened type. The stiffened piezoelectric resonator 10 has a larger electromagnetic coupling 
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coefficient than an unstiffened piezoelectric resonator, in which the direction of vibration differs from the d.rection of 
polarization and electric field. Therefore, the piezoelectric resonator 10 has a larger frequency difference AF between 
the resonant frequency and the antiresonant frequency than the conventional piezoelectric resonator. This means that 
the piezoelectric resonator 10 obtains wide-frequency-band characteristics. 

To measure differences between stiffened and unstiffened piezoelectric resonators, piezoelectric resonators shown 
in Figs 8 9 and 10 were made. The piezoelectric resonator shown in Fig. 8 was made by forming electrodes on both 
surfaces in the thickness direction of a piezoelectric substrate measuring 4.0 mm by 1 .0 mm by 0.38 mm. This piezoe- 
lectric resonator was polarized in the thickness direction and vibrated in the longitudinal direction when a signal was 
applied to the electrodes. The piezoelectric resonator shown in Fig. 9 had the same dimensions as the piezoelectric 
resonator shown in Fig. 8. Electrodes were formed on both surfaces in the longitudinal direction of a piezoelectric sub- 
strate The piezoelectric resonator was polarized in the longitudinal direction and vibrated in the longitudinal direction 
when a signal was applied to the electrodes. The piezoelectric resonator shown in Fig. 10 was made by forming elec- 
trodes on both surfaces in the thickness direction of a piezoelectric substrate measuring 4.7 mm by 4.7 mm by 0.38 mm. 
This piezoelectric resonator was polarized in the thickness direction and vibrated in the plane direction when a signal 
was applied to the electrodes. The piezoelectric resonators shown in Figs. 8 and 10 were of unstiffened type and the 
piezoelectric resonator shown in Fig. 9 was of stiffened type. 

The resonant frequency Fr and the electromechanical coupling coefficient K of each of these piezoelectric resona- 
tors were measured and the results are shown in Tables 1 . 2, and 3. Table 1 indicates the measured results of the pie- 
zoelectric resonator shown in Fig. 8. Table 2 indicates the measured results of the piezoelectric resonator shown in Fig. 
20 9. Table 3 indicates the measured results of the piezoelectric resonator shown in Fig. 10. 
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Table 1 







Longitudinal basic vibra- 


Longitudinal triple-wave 


Width-mode vibration 


25 




tion 


vibration 






Resonant frequency (MHz) 


0.460 


1.32 


1.95 
_ 




Electromechanical coupling coeffi- 


18.9 


3.9 






cient^©) 








30 





Table 2 





Longitudinal basic vibra- 
tion 


Longitudinal triple-wave 
vibration 


Width-mode vibration 


Resonant frequency (MHz) 


0.455 


1.44 


1.96 


Electromechanical coupling coeffi- 
cient^) 


42.9 


12.2 


4.0 



Table 3 







Longitudinal basic vibra- 
tion 


Square-type triple-wave 
vibration 


Thickness-mode vibra- 
tion j 


50 


Resonant frequency(MHz) 


0.458 


1.25 


5.65 




Electromechanical coupling coef- 
ficient^) 


35.0 


1 1.5 


23.3 



55 



It is understood from the measurement data that a stiffened piezoelectric resonator has a larger electromagnetic 
coupling coefficient K than an unstiffened piezoelectric resonator, and therefore has a larger frequency difference AF 
between the resonant frequency and the antiresonant frequency. The largest spurious vibration in a stiffened piezoe- 
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lectric resonator is of longitudinal triple-wave type and the electromagnetic coupling coefficient K is 1 2.2% during vibra- 
tion During width-mode vibration, which is different from basic vibration, the electromagnetic coupling coefficient K is 
4 0% In contrast the electromagnetic coupling coefficient K during width-mode vibration is 25.2% in an unstiffened lon- 
gitudinal-vibration piezoelectric resonator. In an unstiffened square-type vibration piezoelectric resonator, the electro- 
* magnetic coupling coefficient K is as large as 23.3% during thickness-mode vibration. Therefore, it is understood that 
a stiffened piezoelectric resonator has smaller spurious vibrations than an unstiffened piezoelectric resonator. 

In the piezoelectric resonator 10. the inactive section 26 is formed at both ends of the base member 12. The inac- 
tive section is changed to adjust the resonant frequency and the difference AF between the resonant frequency and the 
antiresonant frequency. In other words, by grinding the end faces in the longitudinal direction of the base member 1 2 or 
io by adding mass, the band width of the piezoelectric resonator 10 can be adjusted. 

In the piezoelectric resonator 10, the capacitance of the resonator can be adjusted by. for example, changing the 
number of layers in the active section 24. In the active section 24. piezoelectric layers and electrodes 1 4 are alternately 
stacked and electrically connected in parallel. When the number of layers is changed with the total thickness of the 
active section 24 remaining constant, the following relationship is satisfied since the thickness of one layer is inversely 
15 proportional to the number of layers. 

Capacitance of resonator ji (the number of layers in active section/thickness of a layer) n (the number of layers in 
active section) 2 The capacitance of the resonator is proportional to the square of the number of layers in the active sec- 
tion 24 Therefore, the number of layers in the active section 24 is changed to adjust the capacitance of the piezoelectnc 
resonator 10. This means that the piezoelectric resonator 10 has a large degree of freedom in capacitance design. 
Therefore, it is easy to achieve impedance matching with an external circuit when the piezoelectric resonator 10 is 
mounted on a circuit board. 

Electrically conductive paste including, for example, silver, palladium, and an organic binder, was applied to one 
surface of each green sheet 30 made from piezoelectric ceramic. A plurality of such green sheets were stacked alter- 
nately and baked integrally at 1200 "C to form a laminated block 34 measuring 20 mm by 30 mm by 3.9 mm. External 
electrodes 38 and 40 were formed by sputtering. A high DC electric field was applied between adjacent internal elec- 
trodes 36 to polarize the laminated block such that the directions of polarization in adjacent piezoelectric layers were 
alternately opposed. The thickness of the laminated block 34 was changed. The laminated block 34 was cut to form a 
plate-shaped block 42 measuring 1 .5 mm by 30 mm by 3.8 mm. Every other electrodes 36 exposed at the side faces of 
the plate-shaped block 42 were covered by a resin insulating material 44 and a silver electrode was formed on it by 
30 sputtering. The resultant block was cut by a dicing machine to obtain a piezoelectric resonator 1 0 measuring 1 .5 mm 
by 1.5 mm by 3.8 mm. . 

The piezoelectric resonator 10 had nineteen electrodes 14 in the base member 12, the electrodes 14 being dis- 
posed at an almost equal interval of 0.19 mm. Insulting films 16 and 18 were formed so as to avoid applying an electric 
field to three piezoelectric layers disposed at both ends of the base member 12. An active section 24 mcluded 14 pe- 
as zoelectric layers disposed at the center of the base member 1 2, and an inactive section 26 had three piezoelectric lay- 
ers at both ends The piezoelectric resonator 1 0 had a capacitance of 830 pF and the frequency characteristics shown 
in Fig 1 1 For comparison, the frequency characteristics of a square-type vibration piezoelectric resonator is shown in 
Fig. 12. It is found from Figs. 1 1 and 1 2 that the piezoelectric resonator 1 0 according to the present invention has much 
less spurious vibration than the square-shaped piezoelectric resonator. 

Depending on the positions where active sections 24 and inactive sections 26 are formed, the frequency difference 
AF between the resonant frequency and the antiresonant frequency changes. Inactive sections 26 can be formed, for 
example as shown in Fig. 13. at both ends and the center of the base member 12. The finite element method was used 
to calculate changes in capacitance Cf and frequency difference AF in the piezoelectric resonator in a case in which the 
positions where active sections were formed change, where "a" indicates the distance between the center and an end 
of the piezoelectric resonator 10, "b" indicates the distance between the center and the center of gravity of an active 
section 24 "c" indicates the length of the active sections 24. W indicates the width of the base member 12. and T indi- 
cates the thickness of the base member 12. Fig. 14 shows the relationship between b/a. and the ratio of AF to the 
antiresonant frequency Fa, AF/Fa, and the capacitance Cf with "a" being equal to 1 .89 mm, W and T equal to 0.8 mm, 
V equal to 0.86 mm. and b/a changing. From Fig. 14, it is found that the capacitance Cf does not change irrespective 
of the positions where the active sections 24 were formed. In contrast, it was also found that AF decreases as the active 
sections approach both ends of the base member 12. 

The frequency difference AF can be changed in the piezoelectric resonator 10 by changing the ratio of the active 
sections 24 to the inactive sections 26. With a changing active-section ratio, which is a ratio of the length of the active 
section 24 to that of the base member 12 in the piezoelectric resonator 10 shown in Figs. 1 and 2, the resonant fre- 
quency Fr. the antiresonant frequency Fa, the frequency difference AF, and its rate of change were measured and are 
indicated in Table 4 and Fig. 15. 
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Table 4 
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Active-section length 
(rnm) 


Active-section ratio (%) 


Fr (kHz) 


Fa (kHz) 


AF (kHz) 


AF change rate (%) 


1.80 


100.0 


1047.4 


1163.4 


115.9 


0.0 


1.70 


94.4 


1042.4 


1163.4 


120.9 


4.3 


1.60 


88.9 


1038.6 


1163.4 


124.8 


7.6 


1.53 


85.0 


1036.6 


1163.4 


126.8 


9.4 


1.50 


83.3 


1035.9 


1163.4 


127.5 


9.9 


1.40 


77.8 


1034.5 


1163.4 


128.9 


11.2 


1.35 


75.0 


1034.3 


1163.4 


129.1 


11.4 


1.30 


72.2 


1034.3 


1163.4 


129.0 


11.3 


1.20 


66.7 


1035.5 


1163.4 


127.9 


10.3 


1.17 


65.0 


1036.1 


1163.4 


127.2 


9.7 


1.10 


61.1 


1038.1 


1163.4 


125.3 


8.1 


1.00 


55.6 


1042.0 


1163.4 


121.4 


4.7 


0.90 


50.0 


1047.4 


1163.4 


115.9 


0.0 


0.80 


44.4 


1054.3 


1163.4 


109.1 


-5.9 


0.70 


38.9 


1062.7 


1163.4 


100.6 


-13.2 


0.60 


33.3 


1072.7 


1 163.4 


on i 

yu. / 


-Pi ft 


0.50 


27.8 


1084.2 


1163.4 


79.1 


-31.7 


0.40 


22.2 


1097.3 


1163.4 


66.1 


-43.0 


0.30 


16.7 


1111.9 


1163.4 


51.5 


-55.6 


0.20 


11.1 


1127.9 


1163.4 


35.5 


-69.4 


0.10 


5.6 


1145.2 


1163.4 


18.2 


-84.3 
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Fig 15 shows the relationship between the active-section ratio and change in AF under the condition in which AF 
is set to 100% when the active-section ratio is 100%, namely when an inactive section does not exist. It is found from 
Fig 15 that AF is large at an active-section ratio of 65% to 85% with the peak AF being obtained at an active-section 
ratio of 75% The peak value is larger by about 10% than the AF obtained when the active-section ratio is 100%. in other 
words when an inactive section does not exist. The same AF is obtained at active-section ratios of 50% and 100%. 
Therefore to obtain a piezoelectric resonator having a large AF, it is necessary to set the active-section ratio to 50%. 

In the piezoelectric resonator 10, when 14 piezoelectric layers constituted the active section 24 among 20 layers, 
the capacitance was 830 pF In contrast, when the active-section ratio was set to 1 00%, which means thai only one pie- 
zoelectric layer was used , in other woids, when electrodes were formed at both end faces of the base member 1 2, with 
the same material and the same dimensions, the capacitance was 3.0 pF. When all of the 24 piezoelectric layers con- 
stituted the active section 24. the capacitance was 1 1 85.6 pF. By changing the number of layers in the piezoelectric res- 
onator 10 the capacitance can be changed within a range of about 400-times difference between the minimum and 
maximum'. Therefore, by changing the lamination structure of the piezoelectric resonator 10. the capacitance can be 
selected from a wide range which provides a large degree of freedom in capacitance design. 

In Older to connect the electrodes 1 4 formed inside the base member 1 2 to the external electrodes 20 and 22, insu- 
lating film 16 and 18 having windows 50 may be provided such that every other electrode 14 is exposed as shown in 
Fig 16 The external electrodes 20 and 22 are formed on the insulating film 16 and 18, and the electrodes 14 connect 
to the two external electrodes 20 and 22 alternately. Two external electrodes 20 and 22 may be formed on one side face 
of the base member 1 2 as shown in Fig. 1 7. Insulating films 1 6 and 1 8 are formed on one side face of the base member 
12 in a two-row manner and two rows of connection sections are formed. These two rows of insulating film 16 and 18 
are formed respectively on every other electrode 14. On these two rows of insulating film 16 and 18, two rows of exter- 
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nal electrodes 20 and 22 are formed, respectively. The piezoelectric resonators having these modrf.cat.ons can ach.eve 
the same advantages as the above-described piezoelectric resonator. 

Internal electrodes 14 may reach the opposite side faces of the base member 12 alternately as shown in F.g. 18. 
On il^SSSZm of the base memoer 12, it is necessary to form externa, electrodes 20 and > pe- 

rn ectric relonator 10, since the electrodes 14 formed inside are exposed alternate*, the ^nternal electrodes U are 
connect to the externa, electrodes 20 and 22 by forming the externa, electrodes 20 and 22 or '^e faces of the 
base member 12 Therefore, there is no need to form insulating film on the side faces of the base member 12 

An "Strode 14 is not formed on the entire area of a cross section of the base member 12 "^V™*""*^ 
onator 10 Therefore the opposing area of adjacent electrodes 14 is smaller than that of adjacent electrodes 14 formed 
? *e entire cnS section By the opposing area, the capacitance and AF of the piezoelectric resonator 10 can be 
ad usti Using the finite element method, with the gap G between the end of an ^e 14 andthe s^e £ce of the 
base member 1 2 in the thickness direction being changed, the antiresonant frequency Fa capaatance Ct an . AF of a 
oiezoelectric resonator having a base member 12 which is 3.74 mm long, 0.8 mm wKle, 1.0 mm th.ck, and hav ng an 
Sve sSo SITZ f long, inactive sections 26 disposed at both ends 0.07 mm long and 20 ^^J-*" 
each 0.18 mm thick were calculated. The results are shown in Table 5 and Fig. 20. It .s found frorr , TWe 5 and F £ 20 
that Cf and AF become smaller as the gap G increases, in other words, as the opposrfe area of the electrodes 14 
becomes smaller. 



Gap G (fim) 


Fa (kHz) 


Fa change rate (%) 


Cf (pF) 


Cf change rate (%) 


AF (kHz) 


AF change rate (%) 


1 


546.37 


-0.52 


267.58 


27.47 


53.36 


30.15 


50 


546.75 


-0.45 


264.40 


25.96 


52.71 


28.56 


100 


547.38 


-0.33 


251.69 


19.90 


50.05 


22.07 


150 


548.20 


-0.18 


232.38 


10.70 


45.89 


11.93 


200 


549.20 


0.00 


209.91 


0.00 


41.00 


0.00 


250 


550.61 


0.26 


181.96 


-13.32 


35.06 


-14.49 


300 


552.11 


0.53 


156.44 


-25.47 


29.75 


-27.44 
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Electrodes 1 4 may be formed such that they reach different end faces on the same s.de of P'^' ecfr^yers as 
shown in Fig. 21 in a piezoelectric resonator 10 which is a modified example of the above-descnbed p.ezoelectr,c res- 
onaToMO By lamnating these two types of piezoelectric layers, two rows of ele^ 

of the base member 1 2« shown in Fig. 22. Therefore, by forming externa, electrodes 20 ^ 22 ft p^ons where the 
electrodes 14 are exposed, the electrodes 14 are alternately connected to the external electrodes 20and 22 

in the piezoelectric resonator 10 in which each electrode 14 is formed over ^^^TZlT^ Z 
member 1 2 as shown in Fig. 2, since an electric field is applied to the entire cross secton of the base 
electromagnetic coupling coefficient of the resonator is large and thus AF is large. The capaatance of the p,ezoelectnc 
raSTttto also fcrge. When the laminated block is cut to produce a plurality of the piezoelectr.c resonators 10, 
L^e each electrode has been formed over almost the entire cross section of the laminated block .n advance each p.e- 
zoe.eSc relator has an electrode over the entire cross section even if the cut position shifts Therefore rt .s not nec- 
essary to precisely determine the positions at which the laminated block is cut. By chang.ng the d.rect on of cutt.ng. 
Senators having different cross sections, different areas, and different capacitances are ^ned from the samep e- 
zSeSric, ceramic, laminated block. Resonators having various capacitances and var.ous AF can be °^med accord- 
ing to which electrode end section has insulating film. As described above, many types of p.ezoelectr.c resonators can 
so be obtained from the same laminated block. . a . thcs 

in contrast, to produce a piezoelectric resonator having a gap between the ends of each .nternal electrode andthe 
side face of a base member as shown in Fig. 1 8, it is necessary to cut a laminated block at posrt.ons where electrodes 
are nXmed Tsuch a piezoelectric resonator, however, it is not necessary to form insulating film on a s.de face of a 

base member, and the number of manufacturing processes can be reduced. ^ 

An inactive section 26 may be formed such that an electric field is not appl.ed by not formmg electrodes 14 at an 
end of the base member 1 2 as shown in Fig. 23. The end of the base member 1 2 may be polanzed or may not b. .polar- 
ized As shown in Fig. 24, only the end of the base member 12 may not be polarized. In th,s case, even rf an electr,c 
feld is apptd between the electrodes 14, a portion not polarized ispiezoelectrically inactive. In other words only when 
a ptzoSrc layers polarized and an electric field is applied, the layer becomes piezoe.ectncally actrve, otherw.se .t 
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is inactive. In this configuration, the capacitor is formed in the inactive section, and the capacitance can be increased. 
A small electrode 52 may be formed on an end face of the base member 12 as shown in Fig. 25 in order to adjust the 
frequency or to connect to an external circuit. 

Using such a piezoelectric resonator 10, electronic components such as oscillators and discriminators are pro- 
5 duced. Fig. 26 is a perspective view of an electronic component 60. The electronic component 60 includes an insulating 
substrate 62. At opposing end portions of the insulating substrate 62, two indentations 64 are formed, respectively. On 
one surface of the insulating substrate 62, two pattern electrodes 66 and 68 are formed as shown in Fig. 27. One pat- 
tern electrode 66 is formed between opposing indentations and extends in an L-shaped manner from a point near one 
end toward the center of the insulating substrate 62. The other pattern electrode 68 is formed between opposing inden- 
10 tations 64 and extends straight from a point near the other end toward the center of the insulating substrate 62. The 
pattern electrodes 66 and 68 are formed such that they are routed in a roundabout fashion from the ends of the insu- 
lating substrate 62 to the opposite ends. 

At one end of the pattern electrode 66 disposed at the center of the insulating substrate 62, a protrusion 70 (served 
as a support member) is formed with electrically conductive adhesive. As shown in Fig. 28, the above-described piezo- 
75 electric resonator 10 is mounted on the protrusion 70 such that the center of the base member 12 is disposed on the 
protrusion 70. An external electrode 22 of the piezoelectric resonator 1 0 is, for example, connected to the protrusion 70. 
The other external electrode 20 is connected to a pattern electrode 68 with electrically conductive wire 72. The electri- 
cally conductive wire 72 is connected to the center of the external electrode 20 of the piezoelectric resonator 10. 

A metal cap 74 is placed on the insulating substrate 62 to complete the electronic component 60. To prevent the 
20 metal cap 74 from being short-circuited to the pattern electrodes 66 and 68, insulating resin is applied to the insulating 
substrate 62 and the pattern electrodes 66 and 68 in advance. The electronic component 60 uses the pattern elec- 
trodes 66 and 68, which are formed such that they are routed to the rear surface from ends of the insulating substrate 
62, as input and output terminals for connecting to external circuits. 

' Since the center of the piezoelectric resonator 1 0 is connected to the protrusion 70 in this electronic component 60. 
25 the ends of the piezoelectric resonator 10 are disposed separately from the insulating substrate 62 so vibration is not 
prevented. Excited longitudinal vibration is not weakened because the center of the piezoelectric resonator, which 
serves as a node, is secured to the protrusion 70 and is connected to the electrically conductive wire 72. 

The electronic component 60 is mounted on a circuit board together with IC chips and other components to form 
an oscillator and a discriminator. Since the electronic component 60 is sealed and protected by the metal cap 74, it can 
30 be usedas-a chip-type (surface mount) component which can be mounted by reflow soldering. 

When the electronic component 60 is used in an oscillator, spurious vibrations are suppressed to a low level and 
unusual vibration caused by the spurious vibrations are prevented due to the features of the piezoelectric resonator 10 
used in the electronic component 60. It is also easy to achieve impedance matching with an external circuit since the 
capacitance of the piezoelectric resonator 10 can be set to any desired value. Especially when the electronic compo- 
35 nent is used for an oscillator for voltage-controlled oscillation, a wide frequency range which cannot be obtained con- 
ventionally is acquired due to a large AF of the resonator. 

When the electronic component 60 is used for a discriminator, a wide peak-separation range is provided due to a 
large AF of the resonator. In addition, since the resonator provides a wide capacitance range, it is easy to achieve 
impedance matching with an external circuit. 
40 The piezoelectric resonator 10 may be mounted on the insulating substrate 62 so that two protrusions 70 made 
from an electrically conductive material such as electrically conductive adhesive are formed on both pattern electrodes 
66 and 68, and the external electrodes 20 and 22 of the piezoelectric resonator 10 are connected to the two protrusions 
70, as shown in Figs. 29 and 30. The piezoelectric resonator 1 0 may also be mounted on the insulating substrate 62 in 
a way shown in Figs. 31 and 32 in which two protrusions 70 made from an insulating material such as insulating adhe- 
45 sive are formed on the insulating substrate 62 and the external electrodes 20 and 22 are connected to the pattern elec- 
trodes 66 and 68 with electrically conductive wire 72. 

A ladder filter can be made using a plurality of the piezoelectric resonators 10. As shown in Figs. 33 and 34, three 
pattern electrodes 76, 78, and 80 are formed on an insulating substrate 62 in this electronic component 60. Protrusions 
82 and 86 are formed with electrically conductive adhesive on both-end pattern electrodes 76 and 80. On the center 
so pattern electrode 78, two protrusions 84 and 88 are formed with electrically conductive adhesive. 

One external electrode 22 for each of piezoelectric resonators 10a, 10b, 10c, and 10d is mounted to each of the 
protrusions 82, 84, 86, and 88, respectively. The other external electrodes 20 for piezoelectric resonators 10a, 10b, and 
10c are connected to each other with electrically conductive wire 72. The other external electrode 20 of a piezoelectric 
resonator 10d is connected to the pattern electrode 80 with electrically conductive wire 72. A metal cap 74 is placed on 
55 the insulating substrate 62. 

The electronic component 60 is used as a ladder filter having a ladder-shaped circuit shown in Fig. 35. Two piezo- 
electric resonators 1 0a and 1 0c serve as series resonators and the other two piezoelectric resonator 1 0c and 1 0d serve 
as parallel resonators. In such a ladder filter, the parallel piezoelectric resonators 10b and 10d are designed to have 
substantially larger capacitances than the series piezoelectric resonators 10a and 10c. 
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Attenuation in the ladder filter is determined by the capacitance ratio between the series resonators and the parallel 
resonators. In this electronic component 60, the capacitance can be adjusted by changing the number of laminated lay- 
ers used in the piezoelectric resonators 10a to 10d. Therefore, a ladder filter having a larger attenuation with fewer res- 
onators is implemented by changing the capacitances of the piezoelectric resonators, as compared with a case where 
the conventional unstiffened piezoelectric resonators are used. Since the piezoelectric resonators 10a to 10d have a 
larger AF than the conventional piezoelectric resonator, a wider transmission frequency band is implemented as com- 
pared with the conventional piezoelectric resonator. 

Fio 36 shows such an electronic component 60 in which two electrodes 14 are formed inside the base member 12 
of the piezoelectric resonator 10. The inactive sections 26 occupy 25% (12.5% each) of the base member 12 in length. 
External electrodes 20 and 22 are formed such that they extend from the internal electrodes 14 to the centers of side 
faces of the base member 12, respectively. The shapes of the external electrodes 20 and 22 are adjusted according to 
the number of the internal electrodes 14 and their forming conditions. 

A two-terminal electronic component 60 such as a ceramic resonator and a ceramic discriminator can be produced 
with a piezoelectric resonator 10 as shown in Fig. 37. Two terminals 90 made from an electrically conductive material 
are prepared to produce such a two-terminal component 60. These terminals 90 are formed such that they extend from 
hoops 92 Practically, a plurality of terminals 90 are formed on each hoop 92 in line. A terminal 90 is provided with a fold 
section 94 at the intermediate portion and an H-shaped support member 96 at the end. The support member •96 is bent 
and is provided with a protruded mounting member 98 at the center. The two terminals 90 are disposed such that their 
mounting members 98 oppose each other. 

The piezoelectric resonator 1 0 is supported between the mounting members 98. The mounting members 98 aout 
against the external electrodes 20 and 22 at the center of the piezoelectric resonator in the longitudinal direction. Since 
the terminals 90 have fold sections 94, which serve as spring elements, the piezoelectric resonator 10 is spring-sup- 
ported by the terminals 90. A case 100 having an opening at one end is placed on the piezoelectric resonator 10. The 
opening of the case 1 00 is closed with paper and then resin-sealed. The terminals 90 are cut from the hoops 92 to com- 
plete the electronic component 60. The electronic component 60 having a shape other than a chip-shape can thus be 

mad Since the present invention employs a stiffened piezoelectric resonator, the resonator has a larger AF and a wider 
frequency band than the conventional unstiffened piezoelectric resonator. In addition, the stiffened piezoelectric reso- 
nator has small spurious vibrations. Since the base member 12 has a laminated structure, ttie capacitance can be set 
to any desired value and it is easy to achieve impedance matching with an external circuit. Furthermore, by adjusting 
the sizes and positions of the active section and the inactive sections. AF can be changed. Since the electronic compo- 
nent 60 according to the present invention has a simple structure, it can be produced at a low cost while exhibiting the 
above-described features of the piezoelectric resonator 10. 

Since the piezoelectric resonator 10 according to the present invention includes more parameters which can be 
designed than the conventional piezoelectric resonator, various characteristics can be implemented. The relationships 
between these parameters. AF/Fa and capacitance Cf are indicated in Fig. 38. It is understood from Fig. 38 that these 
parameters extend the degree of freedom in designing the characteristics of the piezoelectric resonator 1 0. 

Claims 

1. Piezoelectric resonator (10), comprising 



a base member (12) having a longitudinal direction, 

an active section (24) composed of polarized piezoelectric member and constituting at least a part of said base 
45 member (12), and 

a pair of external electrodes (20.22) provided with said active section (24), 
characterized in that 

an inactive section (26). which is not polarized and/or not energized by an electric field, constitutes the other 
part of said base member (12). 



so 



55 



2. Piezoelectric resonator (10) according to Claim 1 , characterized in that 

said inactive section (26) is provided at both ends of said active section (24). and said active section (24) occu- 
pies 50% of said base member (12) or more in longitudinal direction. 

3. Piezoelectric resonator (10) according to Claim 1 or 2, characterized in that 

at least one pair of internal electrodes (14) is disposed in said active section (24) such that the internal elec- 
trodes (14) are perpendicular to the longitudinal direction of said base member (12) and are connected to said 
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pair of external electrodes (20.22) respectively. 

said active section (24) is polarized in the longitudinal direction of said base member (12) .and 

2 Se member (12) excites a .ongitudina. mode basic vibration when an electnc f.eld ,s applied to the Ion- 

gitudinal direction of said base member (12) via said external electrodes (14). 

5 

4. Piezoelectric resonator (10) according to one of Claims 1 to 3, marnHar , 7m at a center of said 

characterized in that the piezoelectric resonator (10) further compnses a support member (70) at a center of sa.0 
base member (12) in the longitudinal direction. 
,o 5. An electronic component (60) tor use with the piezoelectric resonator (10) according to Claim 4, characterized in 
that 

eairt cunnort member (70) is provided on a insulating substrate (62), and 

SSSS!^ °" ™« insulati "9 SUbStrate (62) an ° COmeCted 10 " ,d eXtema ' * 

15 trodes (20.22) of said piezoelectric resonator (10). 

6. An electronic component (60) according to Claim 5, characterized in that 

said electronic component (60) is a ladder filter in which connected 
a niuralitv of said pattern electrodes (76.78,80) are prov.ded on said insulating substrate (62) and connectea 
V^Z^JZZ* (20.22) of a plurality of said piezoelectric resonators (10) such that said piezoe.ec- 
trie resonators (10) are connected to each other in a ladder shape. 

7 An electronic component (60) for use with the piezoelectric resonator (10) according to J 
that a mounting member (96) is provided with said support member (98). and sad p.ezoelectr,c resonator (10) is 
fixed in a case (100) by said mounting member (96). 
8. A manufacturing method of the piezoelectric resonator (10) of one of Claims 3 to 5. comprising the steps of 

1 )preparing a laminated member (42) in which a plurality of piezoelectric layers and a plurality of internal elec- 

(20.22) on a surface of said laminated member (42) at which ends of said inter- 

"ouTgTa^ 

9 A manufacturing method of the piezoelectric resonator (10) according to Claim 8, characterized in that saW larrt- 
n mfmhP is oreoared in such a way that said internal electrodes (36) are alternately exposed at opposite 

niezoelectric layers and electrically connected to every other said tnternal electrodes (36) respectively, saia piezo 
e ectrS m ^ polarized by applying a DC voltage via said polarizing electrodes (38.40) and sa,d mternal elee- 
t^t^lSp^^r^r and said interna, electrodes (36) are cut perpendicularly to a laminated 

direction thereof. 
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(54) Piezoelectric resonator and electronic component using the same 



(57) A piezoelectric resonator has a base member 
formed by laminating piezoelectric layers and elec- 
trodes. The base member is polarized in different direc- 
tions at both sides of an electrode. Electrodes are 
alternately covered by insulating film 16 and insulating 
f ilm 18, respectively, on opposing side faces of the base 
member. The insulating film 16 covers electrodes which 
are not covered by the insulating film 1 8, and vice versa. 
External electrodes 20 and 22 are formed on the oppos- 



ing side faces of the base member and the electrodes 
are connected to them, respectively. At both ends of the 
base member, inactive sections are formed such that an 
electric field is not applied to the base member by cov- 
ering consecutive plural electrodes with the insulating 
film 16 and 18. The center of the base member serves 
as an active section since an electric field is applied. 
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